Phonosurgeryisaneffective treatmentforsome vocalfold pathologies, and theVoice Handicap Index(VHI) survey hasbeen shown to bea useful instrumentfor evaluating treatment effectiveness. We conducted a nonrandomized, prospective study of 21 patients who underwent phonosurgery for the treatment of non-neoplastic vocal fold lesions at ouracademic tertiary-care referral center. Our goals were to compare pre-and postoperative VHI scores (subjective assessments) and pre-and postoperative results of acoustic and aerodynamic tests (objective assessments). We sought to determine if there was any correlation between thesubjective and objective findings. We lookedfordifferences between professional voice users (n = 10)and nonprofessional voice users (n =11) in both subjective and objective measures. We found statistically significant differences between pre-and postoperative values in three offourVHI parameters, but in onlyoneof 13 objective measures. There was nocorrelation between preoperative VHI scores and preoperative acoustic and aerodynamic test results. The professional voice users expressed greater postoperative improvement asreflected by lower VHI scores than did the nonprofessional voice users, confirming that the former are more negatively affected by a voice disability.
Introduction
Analyses ofnon-neoplastic voice disorders and quantification oftheir effects on patients have been conducted for quite some time, yet there is still much we do not understand about the physiology and mechanisms of these disorders. In analyz ing a patient's voice, clinicians must consider subjective as well as objective measurements. While objective assessments of voice obtained by computer-assisted analyses are useful, the y may not capture the global function of a patient's voice. Subjective assessments, therefore, can be helpful in attempting to overcome some of the limitations of objective testing.
Subjective assessments are also useful in evaluating a patient's response to treatment. A patient's satisfaction with a perceived improvement in voice following an intervention can have a positive effect on his or her emotional and functional status. Conversely, dissatisfaction can have the opposite effect. Cohen et al conducted a meta-analysis ofstudies on the impact ofnon-neoplastic voice disorders on patients' well-being and concluded that the management of patients with voice complaints should include a quality-of-life assessment. ' Jacobson and colleaguesdeveloped the VoiceHandicap Index (VHI) as a means of subjectively quantifying the psychosocial effects of voice disorders.' The VHI was subsequently used in clinical research to measure voice changes after therapy. 3 However, there is no consensus in the literature as to whether subjective VHI surveys and objective data measurements should be used together. Therefore, we conducted a study (1) to compare pre-and postoperative VHI scores and pre-and postoperative objectivemeasurements, (2) to determine if there wasany correlation betweenVHI scores and objective measures, and (3) to analyze differences between nonprofessional and professional voice users.
Voice user classification
Fi gure,Chartshowsthebreakdownof voiceusersbycategory. Patients in categories ·1 and 5 are classified as professional voice users.
measures in patients who underwent phonosurgery for non -neoplastic vocal fold lesions. Institutional review board approval was obtained prior to the initiation of the study protocol, and informed consent was obtained prior to th e enrollment of patients.
Patients were eligible for this study if (1) the y demonstr ated a voice impairment that affected their daily life, (2) they agreed to undergo phonosurgery in an attempt to improve their voice, (3) they agreed to complete aVHI survey preoperatively and 6 weeks postoperatively, and (4) they agreed to undergo acoustic and aerodynamic testing preoperatively and 6 weeks postoperatively. Patients were recruited by the senior author (P.W.) at the Grabscheid Voice Center of the Mount Sinai Medical Center in New York City from January 2007 through June 2008.
Initially,23 patients met the eligibility criteria and were enrolled in the study.Two patients did not complete the study, and thus our final study population was made up of21 patients-12 men and 9 women (m ean age: 48.4 ± 15.9 yr) .All patients provided a medical history and underwent a physical examination and laryngovideostroboscopy. Each patient's particular vocal fold pathology was diagnosed by the senior author. Seventeen patients (81.0%) were diagnosed with a vocal fold polyp and 1 patient each (4.8%) was diagnosed with a vocal fold cyst, a rheumatoid nodule, papillomata , and a scar.
Patients were asked to rate their voice use on a scale of 1 (low use) to 5 ("elite" use). A score of 1 indicated th at a patient's voice use was not a concern with respect to daily activities, while a score of 5 indicated that the patient was a professional or an avocational voice user (e.g., a singer at religiou s services). Patients with a voice use rating of 1,2, or 3 were classified as nonprofessional voice users, and those with a rating of 4 or 5 were classified as professional voice users. The mean score among the 21 patients was 3.48 (±1.5); 10 patients qualified as professional voice users ( figure) .
Subjective assessments. The VHI isa self-administered survey in which pat ients rate on a scale of 0 (never) to 4 (always) the frequency with which they experience various negative situations related to their voice imp airment (e.g.,"Myvoice makes it difficult for people to hear me,"). The 30 survey items are evenly arranged in three domains: functional, physical, and emotional. Possible subscale scores range from 0 (no perceived handicap) to 40 (worst possible handicap), and the overall score ranges from 0 to 120.Within each domain, disability was classified as mild (a score of~20 ), moderat e (21 to 30), and severe (31 to 40). For the total scores, disability was classified as mild (~30) , moderate (3 1 to 60), severe (61 to 90), and very severe (91 to 120). The VHI has been validated as a reliable tool for measuring an individual pat ient's voice. ' Objective assessments. During the same officevisit, 13 acoustic and aerodynamic parameters were measured. The acoustic testswere performed with Computer Speech Lab equipment (Model 4300B; KayPENTAX; Lincoln Park, N.J.), and aerodynamic tests were conducted on the Phonatory Aerodynamic System (KayPENTAX). The sound-treated audiologic booth met or exceeded theAmerican National Standards Institute (ANSI) 1977 requirements for noise level. The eight acoustic parameters included fundamental frequency (F o )' physiologic Fa range of phonation, lower and upper pitch limits, jitter, shimmer, the noise-harmonic ratio (NHR), and percent voiceless. The five aerodynamic parameters included maximum phonation time,target flow,efficiency, resistance, and phonation threshold pressure. Each of the specific measurements was taken three times during the session, and the mean of the samples was used for our analysis.
Voice Handicap Distress Index. In order to correlate the VHI scores with objective findings in the nonprofessional and professional voice user groups, we created the Voice Handicap Distress Index (VHDI), with normal values adjusted for sex. The VHDI is calculated thus: 
Results
Overall, we observed statistically significant differences between pre-and postoperative VHI scores, but not in objective measurements. All patients. Among all patients, the mean total preoperative VHI score was 47 and the mean postoperative score was 28, which represented an improvement from moderate to mild dysphonia (table 1). This difference was statistically significant (p= 0.002). The mean preoperative VHI subscale scores for the functional, physical, 0.61 0.13 0.05* 0.12 0.10 0.002* 0.01* 0.007* 0.11 0.001 * 0.001* 0.002* and emotional domains were 12.2,20.8, and 14.0, respectively. Postoperatively, the corresponding scores were 9.5, 11.0, and 7.5. The p Value decrease in the physical domain represented an improvement from moderate to mild disability, while the scores in the functional and emotional domains were mild to begin with. Statistically, the decreases were significant for the physical and emotional domains (p < 0.001 for both), but not for the functional domain (p =0.11).
With regard to acoustic and aerodynamic measures, the only statisticallysignificant difference between preand postoperative values in the group as a whole was in the efficiency parameter (p =0.01) (table 2) .
Although we found statistically significant correlations between a few preoperative VHI scoresand preoperativelaboratory results (i.e., upper pitch limit with total VHI score and physical and emotional subscale scores, and efficiency with total VHI score), we did not find an overall correlation (table 3) .
Nonprofessional voice users. Preoperatively, the mean total VHI score among the nonprofessional voice users was 36 (table 1). The postoperative score was 25, representing an improvement from moderate to mild dysphonia, although not a statistically significant one (p =0.12). For the functional, physical, and emotional domains, the mean preoperative sub scale scores were 9.8,15.8, and 10.0, respectively, and the corresponding postoperative scores were 8.6, 10.4, and 5.9. All scores were in the mild disability category both pre-and postoperatively, but the decrease in the emotional domain was statistically significant (p = 0.05).
An analysis of the 13 laboratory parameters demonstrated only one statistically significant difference between pre -and postoperative values in the nonprofessional group (table 2) ; the target flow rate was significantly lower following phonosurgery (0.30 vs. 0.23 Llsec; p =0.03).
Professional voice users. Preoperatively, the professional voice users had a mean total VHI score of60 (table  1) . Postoperatively, the score fell to 32, representing an improvement from the high end ofmoderate dysphonia to the low end; the difference was statisticallysignificant (p =0.007). The mean preoperative subscale scores for the functional, physical, and emotional domains were 14.9,26.3, and 18.5, respectively, and the corresponding postoperative scores were 10.5, 11.8, and 9.2, rep- 
± 20
Statistical analysis.Statistical analysis wasperformed with VassarStats, an Internet-based statistical computation program.' A correlated paired ttest was used to analyze the pre-and postoperative total and subscale VHI scores, to compare pre-and postoperative voice laboratory measurements, and to compare subjective and objective results in nonprofessional and professional voice users.We also used a Pearson rcorrelation analysis to determine if there was any correlation between preoperative VHI scores and preoperative voice laboratory measurements. A pvalue of~0.05 was considered to be statistically significant. resenting an improvement in the physical domain from VHDI. The professional voice users had a higher moderate to mild disability. The changes were statistically mean VHDI (13.63 ± 5.40) than did the nonprofessional significant for the physical (p = 0.002) and emotional voice users (7.22 ± 6.26); the difference was statistically (p = 0.01 ) domains, but not for the functional domain significant (p = 0.02) (table 4 ). This indicates that the (p = 0.10).
professional voice users perceived their preoperative No significant difference was seen between any pre-voice handicap to be more serious than did the nonand postoperative objective measure in the professional professionals when normalized against their objective group (table 2) .
measures.
They also found that vocal range was fairly correlated with the physicaldomain of the VHI. Overall,however, they concluded that VHl scores were independent of laboratory findings.
We believe that voice specialists should not be discouraged by these negative findings and that we should continue to investigate ways to improve diagnosis and prognosis.Phonosurgery hasbeen demonstrated to bean effective treatment for benign vocalfoldpathologies,and the VHI has been shown to be useful in assessingtreatment efficacy. Patients with vocal fold cysts and polyps in particular seem to benefit from microlaryngoscopy surgery,and their postoperative VHI scoreswere shown byRosenet alto reflectsignificantimprovement.r Cohen et al were also able to show a statistically significant reduction in postoperative VHI scores among patients with vocalfold polyps and cystswho underwent surgery and voice therapy.to Our study results appear to echo those findings.
Several circumstances might explain why our study found so little correlation between VHI scores and acoustic and aerodynamic test results. One possible explanation isthe small number of patients in our study. Another might be the disparities in the voice qualities among our patients. Yet another might be the fact that acoustic parameters in patients with vocal fold polyps and cysts (which accounted for >85% of the lesions in our study) are usually only slightly disordered, so any acousticimprovement from surgerymaynot be reflected plaints provide a history, they often use qualitative descriptions and examples of how their voice dysfunction affects their everyday activitiesthat are difficultto quantify. The VHI has been validated as a reliable means of quantifying the functional, physical,and emotional aspects of voice dysfunction.' An accurate assessment of voice complaints also depends on the clinician's diagnostic acumen and ability to discern intricacies and details in a patient's voice. Interobserver differencesmayeasily arise. Therefore, acoustic and aerodynamic testing is conducted to obtain an objective assessment 'Statistically significant. of vocal dysfunction.
--------------------------
In theory, a subjective measurement of a particular patient's voice dysfunction should correlate with an objective assessment. However, we found no correlation in our study. Indeed, as a profession, we do not yet understand how physiologic acoustic analyses should correlate to VHI scores. This dissociation is one of the barriers to developing a generalizableparadigm regarding how individual patients are differently affected by voice disability,"
Wheeler et al studied 50 patients and found that the results of acoustic analyseswerenot predictiveofoverall VHI scores and that the individual components of the VHI survey did not consistently and significantly correlate with acoustic findings." They surmised that the reason for this inconsistencywasthat there isa nonlinear relationship between perceptions of handicap and individual patient circumstances, such as occupation ,social status, previous experiences with vocal dysfunction, overallpersonality,etc.Earlier,Hsiung et al undertook a related investigation and came to a similar conclusion.' Usinga Pearson rcorrelation analysis, theytoo found that VHI overall and subscale scores were poorly associated with voice laboratory measurements. As a result, they were unable to identify any definitiveprognostic indicator in their cohort of dysphonic patients. Woisard (2) to make meaningful interpretations of the multiple and varied aspects of voice with a single instrument.
in measurements of jitter, shimmer, and NHR. Another factor may be the timing of laboratory testing; inflammation, scarring, and healing take place over a period of weeks to months after phonosurgical intervention, so early findings might not be reliable.
Based on our experience, we believe that subjective and objective evaluations of voice dysfunction should probably be interpreted independently. Because voice qual ity is multidimensional, it might not be prudent to rely on one instrument to evaluate voice dysfunction and postoperative improvement. We believe the VHI should be used as an addition to objective laboratory measurements. Also, we believe that larger studies are needed to better elucidate the test-retest validity of objective measurements.
To determine whether perceptions ofvoice handicaps are greater in professional voice users than in nonprofessional voice users, we created the VHDI. Our result s suggest that all aspects of the VHI were more significantl y affected in professional voice users. Their total and subscale perceptions of handicap were significantly higher, but their perceived postoperative improvement was also greater (p =0.02). Since the results of subjective tests of voice disability may not be consistent among different patient populations, we suggest that more refined and focused measures be used for professional voice users. For example ,the validated Singing VoiceHandicap Index has been shown to be useful in monitoring treatmentrelated changes in singers. '?
Our findings confirm those of other authors that objective measurements are less sensitive in identifying voice changes than are subjective measures. Also,even in our small cohort, the VHI survey was significantly more sensitive in professional voice users than in nonprofessional voice users. Such a disparity may affect other comparisons of voice outcome measures based solely on the VHI across different population groups.
In conclusion, our study showed that the VHI can be useful in monitoring the efficacy of treatments for voice disorders. Acoustic and aerodynamic voice laboratory
